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ALBSTRACT

A study has teen made of the factors that affect or hring about the
asorrosion of the zinc electrode in a silver-zine-alkali cell. Celils
containing 30% potassium hydroxide as electrolyte were used and kept at room
temperature. !pacial attention was centered on open circuit or stand conditions.
This corrosion is affected primarily by oxygen and by dissolved silver oxides.

INTRODUCTICN

Although the so-called silver-zinc-alkali cell has been produced for a
relatively short time its applications are ircreasing and it is becoming a
rather widely use system. It is now being marketed zs a secondary cell havimg
a fairly good life. Tt is especially remarkatie that these advances and
developments have been mzde without a thorough understanding of the mechanisms
of the electrode reactions. Relatively little work of a more or less theoretical
or fundamental nature has been reported on this system.

In 2 previous report (1) it was noted that the arcdic dissclution of zine
in potassium hydroxide sclutions proceeds in two steps. However, when this
reaction takes place in a silver cell the mechanism is undoubtedly more compiex
since there is then the additional complicating factor of the presence of the
silver oxides. It was the purpose of this study to investigate the effect of
silver oxides and other factors on this anodic 2zinc process,

The effect of the silver oxides on the anodic dissolution of zinc in
potassium hydroxide solutions is especially obvious when one studies the relatione
ship of this process to Faraday's laws. Two solutioms, 15% and 304 potassium
hydroxide were used as the electrolyte in cells containing zinc anodes and
nickel screen cathodes. Two silver coulometers were connected in series vith

these cells and a small current density was used for about two hours. Cor-aring
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the amount of zinc oxidized {dissclved) with that prescribed by Faraday’s laws,
there were deviations of +4% znd +0.1%. Whben 2 similar test wes made on 2 cell
containing a silver oxide gathode in plade of the nickel screen, amd 30¥ potassium
hydroxide as the electrolyte, the deviation was +93%, i.e., the loss of zinc was
about twice as great as that expected from Faraday's laws. & good dezl of this
loss was due to the fact that during passage of currant 2 besvy coating of
spongy material formed on the znode {zine) and fell off when the electrode was
remocved from the solution. This latter fact, aside from the deviation from
Faraday?'s laws, prompted a further investigation of this process or phenomenon,
A similar phenomenon was produced under open cirecnmit conditions and X-ray
analysis shoved that the spongy metailic product was the szme in each case,
Therefore an attempt was made to dekermine the origin and nature of this deposit.
This w=s done by using only open circuit conditioms,
EXTERIFENTAL

Sanmpies of zinc sheet, better that 99.9% pure, furnished by the New Jersey
Zinc Sales Co., were cut inte strips asbout 1 cm, wide. These were degreassd
and then treated briefly with dilnted hydrochloric acid. In some czses such
a zinc electrode, together with another slectrode made by pasting silver oxige
on a silver screen, was placed in a large test tube ontzining about 30 mi. of
30% potassium hydroxide solution., The electrodes were electricaiiy insulated
fror cach other., After being in the cell for twenty four hours, the zinc was
withdrawn, briefly immersed in 6 M acetic acid, then in distillad water, in
ethanol, and finally in acetone, Following this the slectrode was dried by heating
for a short while. ZEach run was carried out in a constant temperature bath held
at 25 ¥ 0,3°%c. 7he loss of rinc was determined by the difference in weight.

The surface area of the immersed zinc was about 10 9q. o, In some runs the
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silver oxide electrode was omitted, and in others z smsller test tube and 2 smaller
volume of electrolyte were used., X-ray diffrzction patterns were obtained by the
use of copper radiation with a nickel foil filter,
RESULYS

It soon beceme apparent that even on open circuit several factors were
involved in the corro-.on of the zine., hen ceils were assembled using silver
oxide, the zinc sheet, and 30% potassium hydroxide solution, the zinc electrode
always became covered with a dark black film, This film had 3z velvsety appear-
ance wher viewed with 2 microscope, A black filwm is sumetimes noted on the zine
electrodes after a discharge and then it is often due to 2z form of zine oxide {1).
In this case, however, the black filw did noct appear to be the zine oxide, It
did contain varying, but aprreciable, amounts of silver or iss oxides., This
was noted by dissclving a portion of the electrode in nitric acid and then
adding hydrochloric acid to precipitate the silver as the chioride. I-ray
diffraction patterns obtained from this fiim contained the lines due to zinc,
but there were other additional lines as well, particuiarly at zbout 2.25 and
2.154. These extra lines were found in alll such samples. Futhermore, these
same lines were found ir the spongy material that peelad off the z::mc elactrode
when it was removed frum the solution after having received a twenty four hour
anodic treatgsst. They were alsc produced by the dark colored film that forms
on the zinc shortly after the discharge of a silver oxide-zinc-alkali cell is
begun. These two lines are not due to silver or iis oxides. The indicatioms
then, re that aithough silver or its oxides were found on the zinc electrode,
they re not prasent in appreciable guantities as metallic silver or oxides of
silver,. This hlack film was formed only when the silver oxide was present in
the cell, nct when zinc alone was immersed in the potassium hydroxide solutioms.
Thus the silver oxide electrode is in some menner related to this film ou the
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zinc. However, the effects of other corditions were zlsc stinded,

Tatile 1 gives 2 summary of the results obtiined, Colum 2 indicgtes the
conditions under which zach run wos made., In eome rms o clectrode of silwer
oxide was presemt, but rzther some silver oxide powder was placed 1n the tert
tube with the electrolyte and tihw zint was placed on glass beads in the
bottam of the test tube. This is indicz2ted in columm 3. In.other cases the
zine specimen Was given 2 sliver coating by Sipping 3t in a s:iver ritrate
solution before it vas assemdiled ir the ocell., This is indiocsted irn Columm 5.
Column 7 refers to the rature of the >oating formad on the zinc spscamen,

from these resuits severzl conclusions can be dyase as to the nzrore of
the jroosss taking place. First of all it app=ars thet under the conditices
prevailing in these experimemts the amommt of electroiyte dad but 1ittde «ffect,
see Tons 17 and 21,

i significant factor is oxypgen, either dissolwed i the wlectroiyte, or
present in the atmosphere atowe the electrolyte, There is no doubtt that such
oxycen affects the corrosiom of zine, In these experimerts wmrite deposits of
zint oxide were scmetimes formed at the electyolyte surfzce. This ocxne is
soluhis in potassium hydroxide sclutions and hemce st oxide formation offers
nv protection against corresiom. The offect of cxygen is noted tyw comparivng
rons 1 with 3 and 2 with 4, In esch pair all the conditions were alike caxcert
for the bubbling of air through the electrolyte. Howewver, ever. when zir ias
not bubbied througn thse sclutiorn the effect of oxygen could de noted. Come
parison of runs % with S, 10 with 11, and 13 with 1%, shows the effert of
dissolved oxygen. Ir vums £, 11, and 13, the electroiyte was 1x¢t ITesi.
Consequentiy, dissolved cxygee had airvady been ccnsumed. Compuring iiase
with otheruise identical rwms it is seen tat in eech czse e corrosion of
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TAZLE X
FACTORS CONTRIBUTING TC T4E CORROSION OF ZIne IX 30# KOB AT 25°C,

silver oxide silver | setallicy wt, loes| color

powder in oxide | coating | of mne of

No, | Conditicng®| ¢leetroiyte | olestrode| on sine in ag, fila
1 a & X 3 ngy
2 8, 0, 8 b 4 130 ek
z (4 X 52 bisck
) e, x %z ! black

2 6, %, & z , blsok
b, € x %26 i black

? b, 5, 6 X 5 1 blaek
8 o § x lig " black
9 h x . 1ight
3 i biack

10 h 31 1ight
. black

11 P | x . 3 © 11ght
{ blaek

12 d, h b S 78 clear
1 4, f, h x 29 clear
1 4, h x gz clear
15 a, 8 clear
16 h % slear
17 h 43 clear
18 '. g 8 eslear
19 o, p) Y clear
20 4, b é olear
21 g &) clear

% the wvarious oopditions are;

a= air bubbled through elestrulyte throughout experimsent,

b= nitrogea bubbled through electrolyte throughout experimens.

o= sleatrolyte satureted v itk zinc oxide,

d- zino oompletely gubmerged, 1,4., %0 "watsr line® effect,

o~ sleotrelyte ocontains 0,2% hydrogun peroxide,

f= electrolyte was not fregh but lmd just been used for another run.
0 nl, of eleetrolyte used,

; al, of slectrolyte used,
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zine was conciderably less with the oxvgen-del.ciemt 2izctrolyte. This was
troe whether silwer oxice was present or not,

Still another svidence for this is found by comparing runs 17 =nd 20. T
20 the zinc was completely submerged wheress im 17 part of the zine w=s onmt
of the electrslyte. The zinc was attacked Yo 3 greater =xtenmt in toe lztler
case wWhere atzospheric oxygen as well as dissolwed oxygen was avzilztis for
reaction. Furtherncre, in run 1B aitrogen was bobbled troough the electroiyte
thus remcving the oxypen. 5Gere again the weight loss of zint was less than in
run Z1.

Thus the oxygen coes attack the zinc., The necoaniss of tids rmesciion
probabily imvclwves jocal cells containing zinc and axygem =lectswdes, In efTect,
the oxygen transforms the zinc to zinc oxide oy opdroxide which then Sdsessives
in the potassiue hydroxide soluticn. I7 this is the eourse of the rropess,
then if the elsctyuiyte were saturatec with =inc cxide ine oxidatiom ryodort of
the zinc would not dissolve cs reglily and wnis product might them offer some
protectice to the resaining zine., oo 2 ooa slesctmoiszte saturated wtno Iine
cxide was used ind the attach on zinc was definmitely less ttan Inrm 2. In
both these runs alr wis bulblea throurh the elsctralytre, tims heighteming toe
affect of oxygen, aere this was not dome ‘he »ffect of zine oxide-sxizrated
potassium ‘ydroxide was negligible, ®.g., rons 3 and 4, rxs § and 7.

Fowewer, "moer certain comditions, passing air tirough the electsciyte
made very little differemce. In rwn 15 the loss in weight of zine was abomt
the same as that in run 21, This may indicate that the xypen attack ir zrimgrily
hy the disscived oxypgen. This 2fferemoe may have been more rronmounced if <he
ren had contisrwed Janger.

ygen attacks and corrodes the 1inc electrude but this attack by itself
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does not produce the black film referred to earlier. 3Silver oxide is necessary
for this and it produces the black film even in the absence of oxygen, run 6.
Thus the actions of oxygen and of silver oxide are different, but they often
occur simultaneously.

The effect of silver oxide electrodes on the corrosion of zinc is readily i
seen b comparing runs 1 with 15; 3 with 21; and 6 with 18, In each case the
corrosion of zinc was greater in the presence of the silver oxide electrodes. ]
The difference was not the sar 2 in each of tnese three cases., The reasons for
this are: (a) The weight loss is not accurate in each case since, especially
in run 1, a large amount of spongy metallic wsterial was forwed which fell off
when the electrode was removed; (b) In some cases the electrolyte was agitated
with air or with nitrogen. 'When no agitation was used, runs 3 and 21, the
difference was significant but not large. When the electrolyte was agitated
by bubbling nitrogen through it, the corrosion loss of zinc due to the presance
of silver oxide electrodes was greater, runs 6 and 18. In each case the tinc
received a velvety black coating or a spongy metallic deposit.

An explanation for this phenomenon involves ths ready dissolutiom of silwer
oxide in potassium hydroxide solutions, This is shown on Figure 1. Small
amounts of silver oxide were placed in stoppered flasks containing 25% potassium
hydroxide solution. These mixtures were kept it room temperature, shaken
occasionally, and from time to time samples were withdrawn, filtered through
glass wol, and analyzed for silver bty titrating potentiometrically with a
potassium iodide solution, The results shox that the silver oxide dissolves

rapidly in potassiwm hydroxide solutions. when zinc was added to these soiutions

o vibuien.
B "

the dissolved silver was remcved ruther repidly. 3
Guite likely then, the silver oxide from the electrode dissolves in the
potassium hydroxide slectrolyte. shem this dissclved silver reaches the zinc
ats
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electrode it reacts with the zinc and precipitates there, the reuciicns
probzbly being
Ago0+ H2D ¥ 2 O —> 2 ig(DH); (1)
2 ig(UE); + Zn —> In(CH), +2 4g ~ 2 OH  (I11)
Zn(0H), + 2 O —= In(CH)f - (111}

This mechanism accounts for the preserce of silver found in the dlack Tiln
or netallic deposit on the zinc specimens, It also acoounts for the =ffzct of
2gitation, 2.g., comparing ran 3 with & where no oxygen was rrasent but the
solution wzs agitated with nitrogen. This zgitztion hastens the 4i7%usiocn of
silver oxide to the zince cpecimen and thus reaction {IT) takes place mors
repidly. Comparison of run ¥ with 7 supports this hypothesis.

Further suppert for this mechaniem is found in the fact that the appearsznes
of the durk film cn the zinc when the silver-:iinc cell is discharped is more
Tapid as the temperature increqses and as the concemtratiom of the potassSur
kydroxide increases. Increasing the temperature would incresse the solubility
of sidver oxide anma al:=c ihe rate of diffysion of disscived ions. The sgiubiiity
of silver oxice also incregses with increzsing hydroxyl iom concentraticm {2).

When a littie silwer cxide was added to the electrolyte in the absence cof
silver cxide slectrodes, the effect was slight, yms § z2néd 10, This was
andouktedly due to the fact that the silver oxide restad on the bettom of toe
1test tube with the zinc specim:n suspended above it. In tnis case the dissiived
silver oxide would have had to diffuse upward., That some of it did was shoen
By the fuict that the zinc 31d dDacome cowvered with i light black film, This was

hwaviest i1t tie bottom =2 electrode.

Thw dissolved silver oxade is lirgely in the form of a negative icon,

.  Therefors, it is obwious thrt reaction (II) will be hLastened during the 3tscrrrge

of the cell, since then the 2inc funetions as the anode. The silvur A:ns will
.




then migrate more rapidly to the zinc, For this reason too the same kind of
film is formed on the zinc during discharge of the cell as during stand.

There still remains the question of the origin of the spongy metzllic
deposit on the zinc, especially in run 1, Ais has been noted, this deposit
contained silver bufno silver lines were fcund in the X-ray pattern. Instead
there were zinc lines plus others. A possible mechanism for this phenomenon is
given below,

When reaction {II) takes place it may do so only at certain sites in the
zinc lattice. The reduce silver tom then replaces the oxidized zinc atom.
This gives the oxdina.ri}mttice with silver atoms s—hstituted for zinc ztoms at
certain points. The-result is a solid sclution of silver in zinc. Many studies
have been made of the silver-zinc system, Of particular hedp is the work of
westgren and Phragmen (3), Owen and Pickup (4¥), and Cwen and Bdsunds (5), where
the zinc-rich phises -3¢ distissed: Westgred und.Phragmen give much information !
on the I.ray patterns of this system. The designation of the various cthases
differs so such phases will be designated here by composition.

On Figure 2 are given the X-ray lines for zinc, some silver-zinc alloys or
solid soluticns, and for z representative film obtained in our werk., Comparing ‘\
these patterns, it appears that the black filam on the zinc specimens consists of
zinc plus some silver-zinc solid solution kaving a composition varyir~ from
50 tp 80% zinc. The lines in Figure ITI-b vary somewhat with the amount of xinc
present (3). The region 51 to 6C% zinc consists of a mixture of the two phases
represerted in Figures III.b and IIl.c (4). These X-ray data isnd support, thenm,
to the hypothesis that when the dissolved silwer oxide rvacts with the zinc, a
solid solution of silver in zinc is formed on the surface of this zinec,

Futhermore, with this hypothesis onw also hvis an explanation for tne spongy
mstallic deposit formed on the sinc specinmsm ia & ‘few of the rems. .3 has bean

.
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Hoted, znalysis showed that this depcsit comtained ctime zrd silver, Toe Tometion
of ithe silwver-zince solution lowers the zctivity of the zinc on ihe clecirode zt
that site.” The potentia. of the dissoluticn of zine, =zgmtion [TV, wouls then

be great - .noogh to cause reasctiom (T) to teks Dlace zt znctler =zt o the same
m(a=1) v~ H mn{E) ~ -~ 2= o
IoACH); T ¥ Z e e (a2} S+ E W

fiectroiz, ancther zuplanstion s that suggested w Sirommaris —=d Faxg {T)

who studied 3 similar phenomenon iz aeid solctioms. They suggested tist t2e solis

solution is less anodic trem zine znd memee the solid sclotiom com te mevosited

by the DF of zinmec itseif.

There is zlso other evidence that metsilic siiver zz ster is zot Iryoivd
in this process. When zinc wes covered witkh silwer before Ledng szsemtied or the
celi, rms iz, 13, and 1&, there as zu increase in corrcsice (comzare with
ran 20} but there s oo visilble fiin on the tine. Frthermere, imem 2 siiver
sloctrode and a zinc specimen were electrically coerected ir z 0% motaezinm
Mydroxide solution the zinc disscived and hydrogern mas =wolved, Tigorocsiy -t
first, on tha siiver tut after twenty four hoars no zuinc appecred oo Mha =iiver

s =24
electrod=. The r-action probably was
2o + 2 5,0 —7In{CE}), + =, 4 23

Tue rans were 1lsc xade to test the affcct of mydrogen —emexide oo tid
ooryosicn of zinc. The rresence n»f the perexyl iom increases ite corrosise of
xinc comsicerably w=hen silver oxide ic nresent, see roms 3 ans 2, & the Insis
of thersodyninic comsid¢rations tre cculd be expected zince tte Trie coergy
decrease for meactiom (¥II} is aboat 25 ikcal. greater tltar foo reictice 17TITY

Viid)e

Ag 2+ W+ 22+ 250 P2 Ag - I =lcE), - & L¥ID)
25;992&:4»2223——%1;4»2:&“:8): {visz)

-ile




PP B NP N = dinaia S ek S . s o T T S

v

[, - - fa n et e et v o mans e —— e ARt

However, the mechanism is likely not as simple 2s indicated.

In the absence of silver oxide, the effect of hydrogen peroxide is less,
see runs 17 and 19, In fact, the presence of the peroxyl ion seems to reduee
the corrocsive loss of zinc. The effect, however, is small,

SUMMARY

In a silver-zinc-alkali cell thekinc electrode is attacked and oxidized
by oxygen. ‘’hen no diaphragm is present to reduce or eliminate diffusion,
dissolved silver oxide migrates to the zinc electrode where it is reduced and
forms a solid solution with the zinc, or else is deposited as such. This enables
zinc or silver-zinc solid solution to precipitate from the electrolyte in a
spongy form on the zinc electrode during open circuit conditioms,
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Tigure 1. Iissoiution and precimiiztion of silwer -xide Trom
25% Y(H soiution., Cpen circles, dissoluticm of
silver oxide; clused cireles, precigitztiom of

dissoived silwer oxide by metzlllic minc.
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